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@ Error rate monitor. 



(g) An error rate monitor detenmines, on a safe and effective basis, when a transmission link 
exD eriencina excessive e^ore^d shoyld ^e-iaken out of service. Sa fety Is assured by performing a 
^cTl37fgeover when the ^RnOQnt of aai^TawaiFing Iransmlssion via the link gets too high ; effectiveness is 
assured by keeping the link in service despite short term error bursts that can be overcome by data 
retransmission. In one monitor arrangement, errors that occur in the transmission link during a fixed 
time interval are monitored. If one or more errors occur in an interval, an Increment is added to a 
counter (originally initialized to zero). If no errors occur in the interval, a deaement is subtracted from 
the counter, to a minimum of zero. The increment and decrement values are determined as a joint 
function of (a) the round trip delay on the transmission link, (b) the maximum aliowable error rate on the 
link, and (c) the link speed, so that, in general, the increment and decrement values are significantly 
different When the counter exceeds a given threshold, T, a changeover is declared. The value of T is 
determined as a joint function of (a) the maximum amount of data in the messages that should be stored 
in the transmit buffers when changeover occurs, (b) the maximum allowable error rate^ n^the link, an'' 
(c) the duration of the fixed time interval. 
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Field of the Invention 

This invention relates generally to monitoring equipment used in telecommunications systems, and, in par- 
ticular, to an error rate monitor or detector that monitors the transmission quality of a transmission Wnk to de- 
5 termine when the link should be taken out of service due to excessive transmission errors. 

Background of the Invention 

An error rate monitor is disposed in the receivers associated with a telecommunications transmission link 

10 and arranged to monitor errors occurring in messages transmitted over the link from transmitters associated 
with the link. Typically, the transmitters include transmit buffers in which messages awaiting transmission are 
stored or queued. The error rate monitor is supposed to take the link out of service (perform a "changeover") 
if an error rate greater than a predetermined maximum [Xq) persists. While different factors govern the design 
of a monitor, one known design criterion is that the total length measured (in bits, bytes, octets, etc.) of the 

t5 unsuccessfully transmitted messages stored in the transmit buffer when changeover occurs (excluding data 
stored in the transmit buffer prior to the onset of errors and after changeover is declared) should be no more 
than when the link is operated at a maximum agreed upon utilization (engineered load) of p or less. 

One existing arrangement for an error rate monitor, called a Signaling Unit Error Rate Monitor, or SUERM 
for short, is used to monitor errors on a signaling link connecting signaling nodes in a SS7 signaling system. 

20 A SUERM uses two counters, that maintain counts Ci and C2. Ci (initially 0) is incremented on each errored 
message. C2 (initially 0) is incremented for each message. When exceeds a threshold, T^, the need for a 
changeover is declared. When C2 exceeds a threshold, T2, Ci is decremented (to a minimum of zero) and C2 
is reset to zero. When a signaling link loses synchronism (typically during an error burst- the most common 
error phenomenon), the SUERM enters octet counting mode, wherein messages are modeled as being 16 oc- 

25 tets long which are all counted as being errored. 

For high speed signaling links, the current SUERM design disadvantageously requires the use of very high 
quality transmission media, i.e., media in which the background bit error rate is very low. This is because this 
design for a SUERM cannot distinguish adequately between the situation where many errored messages occur 
relatively close to each other within the round trip delay of the transmission medium (having the same effect 

30 on the total length of the messages stored in the transmit queue as a single errored message) and the situation 
where the same number of errored messages occur, but are spaced further apart in time, such as where the 
spacing between successive errored messages is about equal to the round trip delay. In the latter situation, 
the per error impact on the system is much greater than in the former situation. Because of this inability to 
distinguish between a relatively benign condition and a much more serious condition, a system which uses 

35 the current design must generally be "overdesigned" in terms of higher quality transmission media, thus com- 
pensating for the lower effectiveness of the SUERM. 

Another arrangement for an error rate monitor is described in US Patent 4,385,383 issued to R. KarchevskI 
on May 24. 1 983. In the arrangement described in the patent, a transmission link is monitored for errors during 

each of a series of f ixed time intervals (windows). If one or more errors occur within a window, the count main- j 
40 tained in a counter is incremented by one unit. If no errors occur within the window, the counter is decremented 
by one unit. When the count in the counter reaches a threshold value, the need for a changeover is declared, 
or an alarm is sounded. This arrangement is not practical as a SUERM, because it usually results in a situation 
where an excessive amount of information would have to be stored in the transmit buffer when the need for 
a changeover is declared. Also, this monitor, which enforces Xq, requires an excessive time period to respond 
45 to an error condition that requires a changeover. 

Summary of the Invention 

In accordance with one embodiment of the present invention, an error rate monitor which can be used as 
50 a SUERM to monitor errors that occur in a signaling link is arranged to determine increment and decrement 
values as a joint function of (a) the round trip delay t on the transmission link, (b) the maximum allowable 
error rate Xq on the link, and (c) the link speed c, so that, in general, the increment and decrement values are 
significantly different. The system monitors errors on the link for intervals of t seconds. If one or more errors 
occur in an interval, the increment is added to a counter (originally initialized to zero). If no errors occur in the 
55 interval t, the decrement is subtracted from the counter, to a minimum of zero. When the counter exceeds a 
given threshold, T, the need for a changeover is declared. In accordance with the invention, the value of T is 
determined as a joint function of (a) Q, which, as stated previously, is the maximum amount of data in the 
messages that should be stored In the transmit buffers when changeover occurs, (b) Xo. and (c) x. 

2 



12/15/2007, EAST Version: 2.1.0.14 



EP0 599 515 A1 



In accordance with a more generalized embodiment of the present invention, an estimate "q" of the number 
of messages stored In the transmit buffer as a result of link errors Is computed by summing a series of con- 
tributions Aq that occur over a plurality of "n" subintervals which together comprise the time interval V. Each 
contribution is a function of the probability of requiring a retransmission during the subinterval, due to a trans- 
5 mission error, which Is In turn computed as a function of the probability that e errors occur during the time 

subinterval will corrupt at least one message. Both the generalized embodiment and the first above- 
described embodiment, can be implemented in a finite state machine, microprocessor, recursive digital filter, 
or other suitable hardware, firmware or software implementation. 
10 The error rate monitor of the present invention advantageously de-emphasizes the significance of closely 
spaced errors on link error performance and emphasizes the significance of more spread out errors on link 
error performance. In effect, the error rate monitor at the receiving end of a link constructs a model of the 
transmitting end's queue based on errors. This permits a more accurate response to errors than with current 
arrangements. 

15 The monitor arrangement of the present Invention significantly reduces unnecessary changeovers and 
at the same time reduces buffering requirements on the transmit end of the transmission links. This improves 
the performance of the telecommunications network in which the transmission links are used, and, more Im- 
portantly, makes higher speed transmission links (1.5 mb/s and above) possible without demanding stringent 
transmission quality. This is turn allows substantial relaxation in the performance objectives relating to factors 

20 such as call setup time. A properly engineered network Is much less likely to go "into congestion", a condition 
In which traffic is temporarily shut down due link changeovers. ^ 
The error rate monitor of the present invention is simpler to implement than existing arrangements, since 
octet counting mode is unnecessary. Also, only one counter is required. Our invention also uses less real time 
than existing arrangements, in performing the desired monitoring function. This is a critical resource on high 

25 speed (e.g. 1.5mb/s) transmission links. 

Brief Description of the Drawing 

The present invention will be more fully appreciated by reading the following detailed description in con- 
30 junction with the attached drawing in which: 

Fig. 1 is a block diagram illustrating the location of an error rate monitor within a receiver attached to a 

communications link, and the associated transmit buffer in the transmitter at the opposite end of the link; 

Fig, 2 is a block diagram illustrating the major components of the error rate monitor of Fig. 1; 

Fig. 3 is a flow diagram Illustrating the steps followed by the error rate monitor of Fig. 2; 
35 Fig. 4 is a flow diagram illustrating in more detail the steps performed when the value of q is computed 

in step 309 of Fig. 3; 

Fig. 5 is a graph illustrating the performance requirements for an error rate monitor which can be used in 
a signalling system and the performance results obtained using an error rate monitor arranged in accor- 
dance with the present invention; 
40 Fig. 6 shows the characteristics of another error rate monitor arranged In accordance with the present 
invention, using different operating parameters; and 

Fig. 7 illustrates a hardware arrangement including a microprocessor operating under software control, 
for implementing the present invention. 

45 Detailed Description 

As shown in Fig. 1 , an error rate monitor 101 resides in a receiver 102 coupled to a first transmission me- 
dium 103 which carries messages to receiver 102 that originate in a transmitter 107. A separate error rate mon- 
itor 111 resides in an associated receiver 112 coupled to a second transmission medium 113 carrying messages 
50 originating in transmitter 117 and traveling In the opposite direction. Messages originating in transmitter 107 
are applied to transmission medium 103 via a first buffer 105, while a second buffer 115 is similarly provided 
in transmitter 117. Together, transmission media 103 and 113 comprise a transmission link, which can be a 
SS7 signaling link, for example. 

Each error rate monitor 101 and 111 performs the function of a "circuit breaker". It removes a link (trans- 
55 mission medium 103 and Its mated transmission medium 113) from service before error events preclude the 
link from meeting desired performance objectives. Balanced against the desire to ensure link quality is the 
need to "ride over" temporary events which only momentarily degrade performance. 

The basic error correction scheme Implemented In a transmission link such as a SS7 signaling link is a 

3 
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"go-back-n" strategy. For example, when error rate monitor 1 01 detects an error in messages from transmitter 
107 transmitted using transmission medium 103, transmitter 107 is notified via transmission medium 113, and 
retransmission of all messages, beginning with the first message not correctly received, commences. This 
causes an increase in the message service time of the first retransmitted message by the round trip delay 
5 between transmitter 107 and the receiver 102, plus the message emission time. Meanwhile, incoming signal- 
ing traffic will be queued in transmit buffer 105. As error rates increase, this can lead to unacceptable (but 
stable) queuing delays and, at high error rates, unstable queues which can make the network appear as if it 
is overloaded. 

Referring now to Fig. 2, there is shown a block diagram illustrating the major components of error rate 

10 monitor 101 or 111 of Fig. 1 , arranged in accordance with the present invention. Time intervals of duration t 
are measured by counting the output of a clock 21 3 using a counter 214, and by comparing the counter output 
T to the desired interval length t in a comparator 215. When t = t. the high output from comparator 215 is 
used to reset counter 214. Also, an error detector (counter) 201 is reset or initialized, at the beginning of each 
time interval by an output from comparator 215, which is applied to the RESET input of detector 201. During 

IS each time Interval, detector 201 counts error events occurring on the transmission link being monitored, in- 
dicated by a high input on line 202, which is connected to the count (increment) input of the detector. The output 
from comparator 215 is also applied to the read input of a "q" estimator 205. This causes the contents of de- 
tector 201, representing the number s of errors detected in each time interval, to be applied to estimator 205 
via line 204. A resulting estimate "q" of the length of the messages queued in the transmit buffer 105 or 115 

20 of Fig. 1 Is computed In estimator 205 (In the manner described below) and compared in a comparator 207 
with a threshold value T applied on line 208. If the threshold is exceeded, a high output from comparator 207 
on line 210 signals that a changeover should be effected, meaning that the transmission link should be taken 
out of service and traffic re-routed to another link. If the threshold is not exceeded, monitoring continues during 
successive time intervals, with the error count in detector 201 being again reset. 

25 The process performed by the monitor of Fig. 2 Is Illustrated in flow diagram form in Fig. 3. When the proc- 
ess begins, the value of q is initialized (set to 0) in step 301 and the values of e and the time variable t in counter 
214 are reset in step 303. Then, in step 305, the number of errors e occurring on the transmission link are 
counted. Counting continues as long as a negative result is reached in test step 307, indicating that the time 
variable t has not reached the end of the counting interval t. At the end of the interval, a positive result is 

30 reached in step 307 when the output of comparator 21 5 Is high, causing a computation of q to be made In step 
309. If, in test step 311 , the value of q exceeds threshold T, the output of comparator 207 goes high indicating 
that a changeover should be declared in step 313. Otherwise, the process continues by repeating steps 303- 
311. 

Fig. 4 is a flow diagram illustrating in more detail the process of computing the value of q performed in q 
35 estimator 205 In step 309 of Fig. 3. The process begins In step 401 at the end of each time Interval, t. At that 
time, a determination is made in step 403 as to whether any errors occurred in the previous interval. If so, 
the change Aq In the value by which the then-existing value q is increased, denominated "INC" in Fig. 4, is 
calculated in step 405. If not, the change Aq in the value by which that value of q is decreased, denominated 
"DEC" in Fig. 4, is calculated in step 407. Note that these values are, in general, significantly different from 
40 each other. Following steps 405 or 407, the value of q is set, by adding the value of Aq, which can be positive 
or negative, to the then-existing value of q. Because the value of q, which represents the queue length, i.e., 
the length of the messages currently stored, in buffer 105 or 115, cannot be less than zero, the calculation 
performed in step 409 is equivalent to determining the maximum of the values 0 and q Aq. The process Is 
then terminated in step 411. 

45 The values of INC and DEC computed in steps 405 and 407, are, in accordance with the present Invention, 
functions of (a) t, the round trip delay on the transmission link (measured in seconds), (b) Xo, the maximum 
allowable error rate on the link (measured as errors per second), and (c) c, the link speed (measured in bits, 
bytes or octets per second). Specifically. INC is given by: 

$*c-T (1) 

50 and 

DEC is given by: 

[1.^]*c*x. (2) 

where 

p is a virtual utilization factor for the transmission link calculated as 
55 p = e - V. (3) 

Computing the values of INC and DEC in this way will guarantee that the error rate monitor will initiate a 
changeover if error rates greater than Xq persist, but will not do so if error rates greater than Xq are transient 
phenomena. 
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The value of T used in step 311 of Fig. 3 and applied to comparator 207 on line 208, is proportional to n, 
the maximum number of bits, bytes, octets, etc. that can be stored in the transmit buffers multiplied by a pro- 

A 

portionality constant ^. which Is the ratio of the virtual utilization of the transmission link to the engineered 
P 

5 utilization of the link. This proportionality constant compensates for the fact that the signalling link Is designed 
(engineered) using a utilization (namely p) that is higher than the actual utilization (namely p). 

If it is desired to formulate an estimate the value of q with even more precision that that obtained using 
the relationships set forth above, a more generalized implementation of the present invention may be used. 
This implementation involves somewhat more computational complexity, but produces results that are likely 

10 to be a better approximation of the length of the messages in the transmit buffer as a result of the occurrence 
of transmission errors. Briefly stated, in the more generalized implementation, an estimate "q" of the number 
of messages stored in the transmit buffer as a result of link errors is computed by summing a series of con- 
tributions Aq that occur over a plurality of "n" subintervals which together comprise the time interval V. The 
subintervals are identified by an index value i, where i = 1 to n. Each contribution is a function of the probability 

f5 n of initiating a retransmission during the subinterval, due to a transmission error, which is in turn computed 
as a function of the probability that 8 errors during the time interval "i/n" will corrupt at least one message. 

In the more generalized implementation, comparator 215 of Fig. 2 produces a high output when the value 
of t output from counter 214 is equal to x/n. Likewise, in Fig. 3, the values of ri are initialized to zero in step 
303, and the test performed in step 307 determines if t=T/n. The computation of Aq in steps 403, 405 and 407 

20 proceeds as a summation, as follows: 



Aq= 



25 



P-((1-P*)^) 


n-1 1 






4 



X 

c— . 
n 



(4) 



In equation (4), n can be determined from the following equations: 

r, = r,*i,1^i^n-1 (5) 



30 and 



35 



rn = (l-(l-p'))' 



n-1 



(6) 



40 
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50 



55 



In equations (4) and (6), p* represents the effective utilization of the signaling link(the utilization including 
retransmitted messages) . This is bounded between p and 1. In the general case, p is determined as follows: 

e-p*^ 



A 

P = 



(7) 



((n-1)(1-e-p-^^) + 1) 

Note that the generalized implementatton described by equations (4), (5), (6) and (7) reduces to the env 
bodiment described earlier when n = 1 and p* = 1. 

In order for the error rate monitor to operate in the desired manner, two performance objectives are de- 
fined. (1) An error rate monitor which ensures acceptable link quality will be considered "safe", and (2) an error 
rate monitor which is tolerant to short-term phenomena will be considered "effective". Criteria for safe and ef- 
fective error rate monitors can also be stated as follows: 

First, the monitor must assure that the error rate does not exceed the maxi mum rate which can be tolerated 
indefinitely by the signaling link without causing intolerable transmission delay on the link. This error rate is 
determined from the maximum stable queuing delay and queuing delay sensitivity (under error), assuming a 
particular link load such as 2 pmax> where p^nsx is the maximum engineered load of the signaling link. 

Second, the monitor must assure that the maximum amount of data which can be added to the transmit 
buffer queue due to error phenomena during a link failure (changeover transient) is not exceeded. Stated dif- 
ferently, this criterion is used to ensure that a failing link will not inappropriately exceed transmit buffer signaling 
link congestion thresholds when it is operating at engineered loads. 

Fig. 5, which is a plot of transmit queue sizes versus error rates, illustrates both the performance require- 
ments for a safe and effective error rate monitor, and the results obtained using an error rate monitor arranged 
in accordance with the present invention. The dashed vertical line 501 at X. = Xq is at maximum allowable error 
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rate. Error rates in the region 502 to the left of Xo produce signaling link delays which meet delay standards. 
Error rates to the right of Xq yield link delays which do exceed delay standards. If an error rate X>Xo persists 
for a sufficient time, the error rate monitor must take the link out of service. The horizontal dashed line 503 
identifies the maximum transmit buffer occupancy or queue which is allowed at any error rate. Thus, a plot of 

5 queue size versus error rate for a safe error rate monitor must be below line 503 for all error rates to the right 
of the line 501 . Shown on Fig. 5 is curve 505, which represents an error rate monitor of the type shown in Fig. 
2. As seen from Fig. 5, this error rate monitor satisfies the performance objectives: for error rates below a 
value identified as X2, the transmit queue does build up, but the buildup is stable. This buildup translates to 
an increase in transmission delay on the link. For error rates above A^, the transmit queue buildup is unstable, 

10 I.e., ever Increasing. However, the queue Is always below the maximum allowable queue size represented by 
line 503. Curve 505 also demonstrates that the error rate monitor of this Invention is "effective". This is Indi- 
cated by the fact that curve 505 asymptotically approaches line 503 for increasingly large values of X. This 
has the effect of deferring a changeover unless it is "really" necessary, thereby precluding a changeover under 
the most common error condition, namely transient error bursts, for which a changeover is not actually called 

15 for. 

Fig. 6 shows the characteristics of another error rate monitor arranged in accordance with the present 
invention, using different operating parameters. For this arrangement, a 1.544mb/s link (c = 1.544 mb/s) is 
assumed, and t=.11 5 seconds; n = 1; Xq = .095; p* = 1; O = 400,000 bits; and p = 0.4. As a result, p = 0.9895, 
INC = 70,278 and DEC = 1,864. The value of T = 989,500 bits. 

20 Fig. 7 illustrates a hardware arrangement Including a microprocessor 705 operating under software con- 
trol, for implementing the present invention. Microprocessor 705 communicates with a program memory 720, 
containing suitable programs for performing the processes illustrated in Figs. 3 and 4, via a common bus 710. 
Information concerning the occurrence of errors on the transmission link being monitored is applied to proc- 
essor through a link interface 715, which is also connected to bus 710. Information needed for the calculation 

25 of q, namely INC and DEC, p (virtual utilization factor), effective utilization of the signaling link, p*. the value 
of n, and various coefficients and constants, may be stored in data memory 725, and supplied to micropro- 
cessor 705 via bus 710 when needed. Data memory 725 also stores the previous value of q as well as the 
value of threshold T. If a changeover is declared, the link can be taken out of service by a signal generated by 
microprocessor 705 which Is supplied to a link controller 730 via bus 710. 

30 While the error rate monitor of the present Invention can be thought of as being similar to systems using 
a "leaky bucket" technique, there are significant differences. Traditional leaky buckets either fill up at a fixed 
rate (with time, traffic etc.) and empty out at a rate determined by events (messages, errors etc) or vice versa. 
Some sort of enforcement action is taken when a predetermined threshold is reached. The main difference 
between the error rate monitor of the present invention, in its simplest embodiment as shown in Figs. 3 and 

35 4, and general leaky bucket schemes, is the fact that our Invention monitors the traffic for errors for an interval. 
It determines whether or not any errors have occurred within the interval and treats one error or multiple errors 
within this interval identically. Our error rate monitor merely notes whether errors have occurred in an interval. 
At the end of the interval, it will either increment or decrement a counter and compare the results with a thresh- 
old. The increment and decrement values are carefully formulated and, in general, are not equal. More spe- 

40 clf ically, the Increment and decrement values are determined as a Joint function of (a) the round trip delay on 
the transmission link, (b) the maximum allowable error rate on the link, and (c) the link speed. 



Claims 

45 

1. Apparatus for monitoring the error rate in messages transmitted over a transmission link so that the link 
can be taken out of service if excessive errors occur, said transmission link including a buffer for storing 
messages so that messages not successfully transmitted on said link are available for subsequent re- 
transmission on said link, said apparatus comprising 
50 means for counting the number of errors occurring on the link during successive time intervals of 

T seconds, where x is the round trip time required to transmit a message on said transmission link and 
then notify said buffer to initiate a retransmission, 

means responsive to said counting means for formulating an estimate of the amount of data re- 
quiring retransmission on said link due to errors, said estimate being a joint function of (a) said round 
55 trip time t, (b) the maximum allowable error rate Xq on said link, and (c) the speed "c" of said link, 

means for comparing said estimate to a threshold value determined as a joint function of (a) CI, 
the maximum allowed amount of data requiring retransmission, (b) Xq, and (c) t, and 

means for taking said transmisston link out of service when said estimate exceeds said threshold. 

6 
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Apparatus for controlling a transmission link arranged to receive messages from a remote transmission 
source, said messages being held in a buffer in said remote source until error free receipt in a receiver 
is assured, said apparatus including 

means for formulating an estimate "q" of the number of messages stored in said buffer as a result 
of transmission errors on said link, said estimate being formed by summing a series of contributions Aq 
that occur over a plurality of "n" subintervals which together comprise the time interval V representing 
the round trip transmission time of a message between said transmission source and said receiver, and 

means for generating a signal to take said link out of service If said estimate exceeds a predeter- 
mined threshold, 

wherein each of said contributions is a function of the probability of initiating a retransmission dur- 
ing the subinterva! due to a transmission error. 

The invention defined in claim 2 wherein said formulating means includes 

means for (a) increasing the value of q by a predetermined increment if one or more transmission 
errors occur in a subinterval, and (b) decreasing the value of q by a predetermined decrement if no trans- 
mission errors occur in a subinterval. 

The invention defined in claim 3 wherein said Increment values are determined as a joint function of t, 
the maximum allowable error rate on said transmission link and the speed of said transmission link. 

A system for monitoring the error rate on a transmission link, said link being arranged to transport mes- 
sages from a transmitter to a receiver, said transmitter including a buffer for storing messages including 
messages requiring retransmission to said receiver due to transmission errors on said link, said system 
comprising 

means for formulating an estimate of the total length of the messages In said buffer due to said 
transmission errors, 

means for monitoring the estimate to ascertain when the length of the messages stored in said 
buffer exceeds a threshold, and 

means for taking the link out of service if the threshold is exceeded, wherein said formulating 
means includes 

means for monitoring the link for successive time intervals, and 

means for adding an increment to the estimate If one or more errors occurred in the interval, and 
for subtracting a decrement from the estimate if no errors occur in the interval. 

A transmission channel error rate monitoring system for closing said channel to message traffic in the 
event of excessive errors, said system including 

means for counting the number of messages with errors occurring in said channel during a time 
interval, 

means responsive to said counting means for Incrementing an error index by an increment If one 
or more errors occur during said time Interval, or decrementing said error Index by a decrement if no er- 
rors occur during said time interval, 

means for comparing said error index to a threshold and 
means for taking said channel out of service if said index exceeds said threshold, 
wherein said incrementing means Is arranged such that said decrement and said Increment are 
not equal. 

A method for monitoring the error rate in messages transmitted over a transmission link so that the link 
can be taken out of service if excessive errors occur, said transmission link arranged to buffer messages 
such that messages not successfully transmitted on said link are available for subsequent retransmission 
on said link, said method comprising the steps of 

counting the number of errors occurring on the link during successive time intervals of t seconds, 
where t is the round trip time required to transmit a message on said transmission link and then notify 
said buffer to initiate a retransmission, 

responsive to said counting step, formulating an estimate of the amount of data requiring retrans- 
mission on said link due to errors, said estimate being a joint function of (a) said round trip time t. (b) 
the maximum allowable error rate Xo on said link, and (c) the speed "c" of said link, 

comparing said estimate to a threshold value determined as a joint function of (a) CI, the maximum 
allowed amount of data requiring retransmission, (b) Xq, and (c) t, and 

7 
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taking said transmission link out of service when said estimate exceeds said threshold. 

8. A method of controlling a transmission link arranged to receive messages from a remote transmission 
source, said messages being held in a buffer in said remote source until error free receipt in a receiver 

5 is assured, said method including the steps of 

formulating an estimate "q" of the number of messages stored in said buffer as a result of trans- 
mission errors on said link, said estimate being formed by summing a series of contributions Aq that occur 
over a plurality of "n" subintervals which together comprise the time interval V representing the round 
trip transmission time of a message between said transmission source and said receiver, and 

generating a signal to take said link out of service if said estimate exceeds a predetermined thresh- 
old, 

wherein each of said contributions is a function of the probability of initiating a retransmission dur- 
ing the subinterval due to a transmission error. 

9. The invention defined in claim 8 wherein said formulating step includes 

(a) increasing the value of q by a predetermined increment if one or more transmission errors occur 
in a subinterval, and (b) decreasing the value of q by a predetermined decrement if no transmission errors 
occur in a subinterval. 

10. The method defined in claim 9 wherein said increment values are determined as a joint function of x, the 

20 

maximum allowable error rate on said transmission link and the speed of said transmission link. 

11. A method for monitoring the error rate on a transmission link, said link being arranged to transport mes- 
sages from a transmitter to a receiver, said transmitter including a buffer for storing messages including 
messages requiring retransmission to said receiver due to transmission errors on said link, said system 
comprising the steps of 

formulating an estimate of the total length of the messages in said buffer due to said transmission 
errors, 

monitoring the estimate to ascertain when the length of the messages stored in said buffer exceeds 
a threshold, and 

^ taking the link out of service if the threshold is exceeded, wherein said formulating step includes 

monitoring the link for successive time intervals, 

adding an increment to the estimate if one or more errors occurred in the interval, and 
subtracting a decrement from the estimate if no errors occurred in the Interval. 

35 12. A transmission channel error rate monitoring method for closing said channel to message traffic in the 
event of excessive errors, said method including the steps of 

counting the number of messages with errors occurring in said channel during a time interval, 
responsive to said counting step, incrementing an error index by an increment if one or more errors 
occur during said time interval, or decrementing said error index by a decrement if no errors occur during 
^ said time interval, 

comparing said error index to a threshold and 

taking said channel out of service if said index exceeds said threshold, 

wherein said incrementing step is performed such that said decrement and said increment are not 

equal. 
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FIG. 3 
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FIG. 4 
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FIG. 7 
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